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In  previous  communications  we  have  reported  chemical  studies
of  the blood and urine  of man in intestinal obstruction, 2 and of the
blood  of  the  dog after the intestine  is experimentally  obstructed  at
different  levels.3 The  effect  of  sodium  chloride  on  the  chemical
changes observed  in the blood of the dog,4,5 and the use of  chlorides
as a therapeutic  agent in human  obstruction have been emphasized. 6
The essential changes as found in both man and the dog are a pri-
mary  fall  in the blood  chlorides,  usually  a rise in  the alkali  reserve,
and  finally  a  rise  in  the  non-protein  nitrogen.  The  chemical  and
clinical  evidences  of  toxemia  do  not  appear  until the  chlorides  are
well  depleted.  The  toxemia may  be prevented  entirely,  in the  dog
at least, by keeping the blood chlorides near the normal level.
The data presented  here  concern  the  chemical  study  of  the blood
of the monkey after the intestine is experimentally obstructed.  The
animals were  the Macacus syrichtus species  obtained  from the Philli-
pine  Islands.  They had  been kept in captivity  about  6 months be-
fore being used.
Method.
The animals have been kept in metabolism  cages, fasted for 2 days before opera-
tion, and given no food during the course of the experiment.  All  operations were
done  under  ether  anesthesia  with  aseptic  technique.  Water  was  allowed  ad
1  Haden, R. L., and Orr., T. G., Bull. Johns Hopkins Hosp., 1923, xxxiv, 26.
2Haden, R. L., and Orr, T. G., Surg., Gynec. and Obst., 1923,  xxxvii, 465.
3  Haden, R. L., and Orr, T. G., J. Exp. Med., 1923, xxxvii, 365.
4Haden, R. L., and Orr, T. G., J. Exp. Med., 1923, xxxviii,  55.
6  Haden, R. L., and Orr, T. G., J. Exp. Med.,  1924, xxxix, 321.
6  Haden, R. L., and Orr, T. G., J. Am. Med. Assn., 1924, lxxxii,  1515.
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libilum.  Blood for chemical  analysis was obtained  from  the  femoral vein  before
operation and at 24 hour intervals thereafter until the death of the animal.
The intestine  was  obstructed  by section  and inversion  of  the cut  ends.  The
obstruction  was  thus rendered  complete  in every  instance.  An autopsy  was  al-
ways performed  to rule out peritonitis as a complicating  factor.
The non-protein  nitrogen, sugar, and creatinine  have been determined  by  the
method of Folin and Wu.
7 The protein-free filtrates were made by a modification
of the original  Folin-Wu technique  described by one of  us.8 The  C0 2-combining
power has been determined by the method of Van Slyke and Cullen, 9 urea nitrogen
by the Van  Slyke and Cullen'° modification  of the Marshall  method, uric acid by
Benedict's method  11  and the blood chlorides  on  the tungstic  acid filtrate  in  the
manner by Gettler.'2
EXPERIMENTAL.
For comparison  with  the  results in  the  experimental  animals  the
blood  chemical  analyses  of thirteen  normal monkeys are tabulated  in
Table  I.  The  average  non-protein  nitrogen  is  34.7 mg. per  100  cc.,
the  urea  nitrogen  15.4  mg.,  uric acid,  2.3  mg.,  creatinine,  1.5  mg.,
chlorides  488  mg., and  the C0 2-combining  power,  29.7  volume per
cent.  These averages  are little different from the accepted normal for
man and the average normal for the dog.3
The findings  in five monkeys after the intestine  was obstructed are
shown in Table II.  In four the duodenum  was obstructed,  in one the
jejunum.  In  all  five  animals  there  was  a  marked  rise  in  non-pro-
tein nitrogen and urea nitrogen.  In Monkey  1 the non-protein  nitro-
gen rose from 47.6  to 289 mg. per  100  cc.,  and the urea  nitrogen from
25.2 to 147.1 mg. within 72 hours.  The uric acid and creatinine showed
no  significant  changes.  The  chlorides  in Monkey  1 fell  to  150  mg.
per  100  cc.  the lowest level seen  in  over  200 dogs  with experimental
intestinal  obstruction,  a  number  of  human  cases,  and  this  series  of
monkeys.  The  findings in  Monkey  2 are  similar.  The  other  three
animals  also showed  a drop  in  chlorides  although  not  so  marked  as
7 Folin, O., and Wu, H., J. Biol. Chem., 1919, xxxviii, 81.
8  Haden, R. L., J. Biol. Chem., 1923, Ivi, 469.
9  Van Slyke, D. D., and Cullen, G. E., J. Biol. Chem., 1917, xxx, 289.
10  Van Slyke, D. D., and Cullen,  G. E., J. Am. Med. Assn., 1914,  xii, 1558.
"Benedict,  S. R., J. Biol. Chem., 1922, li, 187.
12 Gettler, A. O.,  J. Am. Med. Assn.,  1921, lxxvii,  1652.
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the  first  two  animals.  The  CO2-combining  power  is  increased  in
all animals.  In Monkey  3 the increase was from 17.4  to 47.1 volume
per cent.
TABLE  I.
Chemical Findings in the Blood of the Normal Monkey.
Blood.
Amount  per 100  cc.
Total  CO-
Monkey  No.  non-protein  noge  Uric acid.  Creatinine.  Chlorides.  combining
nitrogen.  power.
mg.  Ing.  Mg.  mrg.  ng.  vol. per cent
1  45.0  20.2  5.6  1.5  510  32.4
2  34.5  12.6  3.2  1.4  530  40.0
3  30.0  13.5  3.5  1.3  520  37.2
4  34.3  11.2  3.2  1.2  520  34.2
5  25.0  9.8  2.5  1.6  490  40.5
6  25.0  9.1  3.2  1.5  460  38.1
7  30.3  14.0  2.8  1.5  440  42.8
8  47.6  25.2  500  24.9
9  30.0  14.0  490  25.8
10  34.5  16.4  1.0  460  17.4
11  31.9  13.4  1.3  470  18.3
12  47.6  23.5  1.7  1.9  450  15.5
13  35.3  17.3  1.8  1.7  500  18.5
Average ......  34.7  15.4  2.3  1.5  488  29.7
DISCUSSION.
The changes in the monkeys after intestinal obstruction  as observed
in this series are variable but quite similar to those previously reported
in man and the dog.  The relation of the chloride depletion to the rise
in non-protein nitrogen is not  so  evident  here  as in the  dog.  When
there  is  such  an  abrupt  drop  in  chlorides  as  was  encountered  in
Monkeys  1 and  2,  changes  must have  already  been  taking  place  in
the  body tissues  which  are  not reflected  fully in  the blood.
All  observers  are  agreed  that  there  is  a  low  level of  chlorides  in
pyloric  and intestinal  obstruction,  although  this  is usually explained
as due to vomiting.  The monkeys are of special interest in this con-
nection.  They  were  watched  closely  and  no  evidence  of  vomiting
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was  found.  Two  were  kept in  metabolism  cages  and  all excretions
collected.  In  these  cases  vomiting  was  absolutely  excluded.  This
finding affords additional evidence  of our theory that the fall in blood
chlorides is concerned in some way with the toxemia.
TABLE  II.
Chemical Changes in Blood after Obstruction of Duodenum and Jejunum.
Blood.
Amount per  100 cc.
Monkey
No.
1
2
3
4
Day
after ob-
struction
0
1
2
3
0
1
2
3
0
1
2
3
4
5
0
1
2
3
0
1
2
3
Total non-
protein
nitrogen.
mg.
47.6
163.0
195.0
289.0
30.0
61.5
163.0
218.0
34.5
60.0
61.0
59.0
71.3
195.0
47.6
92.5
112.5
115.0
35.3
60.0
64.5
86.3
Urea
nitrogen.
mg.
25.2
75.7
95.3
147.1
14.0
43.4
82.7
113.5
16.4
29.0
26.6
26.2
33.6
93.8
23.5
43,4
53.7
56.7
17.3
29.42
30.4
41.1
Uric acid.
mg.
2.2
2.2
1.0
1.2
1.3
1.9
2.0
2.1
1.7
1.4
2.0
1.8
2.9
2.9
Creati-
nine.
mg.
2.5
2.4
1.7
1.6
1.9
1.4
1.7
1.6
1.6
1.6
Chlorides.
;tg.
500
480
160
150
490
440
190
170
460
450
435
410
300
370
450
440
400
350
500
500
500
440
COr
combining
power.
vol. per cent
24.9
29.6
39.5
44.3
25.8
27.7
37.6
41.4
17.4
17.4
25.8
25.8
34.7
47.1
15.7
14.7
28.7
18.5
20.4
28.7
41.9
Location  of
obstruction.
Duodenum.
4'
Jejunum.
Duodenum.
SUMMARY.
The  blood findings  in five  monkeys after
tinal  obstruction  are reported.
experimental  high intes-
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All animals showed  the marked rise  in non-protein  nitrogen  char-
acteristic  of intestinal obstruction  in man  and the dog.
Two monkeys  showed a very  marked drop in chlorides,  the  others
a less marked  fall.  Coincident  with the  change in  chlorides  there  is
a rise  in the C0 2-combining  power.
The uric  acid and creatinine showed no typical changes.
No vomiting was observed.  This emphasizes  the fact that vomit-
ing alone  does  not account  for  the fall  in  blood  chlorides  character-
istic of intestinal  obstruction.